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(57} ABSTRACT

Condensation products made by reacting an a-hydroxy-
alkyl hydroxy-aromati¢ compound also having at least
one non-fused hydrocarbyl substituent with at least one
olefinic nitrile, carboxylic acid or carboxylic acid deriv-
ative are useful as additives for fuels and lubricants. The
total number of carbon atoms in the non-fused hydro-.
carbyl substituents is 4t least about 7 while the ahy-
droxyalkyl group contains from 1 to about 36 carbons
and the olefinic acid or nitrile reactant usually contains
2 to about 40 carbon atoms. Products made from hy-
droxymethyl alkyl-substltuted phenols and a,B-olefinic
acid derivatives such as maleic anhydride and particu-
larly useful. Similarly useful post-treated products can
be made from theseé condensation products by further
reaction with alcohols, amines, metal salts or metals.

7 Claims, No Drawings
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HYDROXYALKYL HYDROXY-AROMATIC
. CONDENSATION PRODUCTS AS FUEL AND
LUBRICANT ADDITIVES

REFERENCE TO RELATED APPLICATIONS

This application is a division of my co-pending U.S.
Application Ser. No. 901,173 filed Apr. 28, 1978 now
U.S. Pat. No. 4,163,730 which, in turn, is a division of
then copending application Ser. No. 678,101 filed Apr.
19, 1976, now U.S. Pat. No. 4,108,784 which is a con-
tinuation-in-part of application Ser. No. 459,750 filed
Apr. 9, 1974, now abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to novel condensation products
useful as additives for lubricants and normally liquid
fuels, as well as to lubricant and normally liquid fuel
compositions containing these additives. It also relates
to processes for making such products, post-treated
products made from them, and concentrates containing
both types of materials. More particularly the additives
of this invention are made by reacting certain alpha-
hydroxyalkyl hydroxy-aromatic. compounds with ole-
finic nitriles, acids, or acid derivatives.

2. Description of the Prior Art

The use of relatively high molecular weight composi-
tions characterized by the presence within their struc-
ture of both lipophilic and lipophobic groups as addi-
tives for normally liquid fuels (e.g., gasoline, jet fuel,
kerosene, fuel oil, heating oil, etc.) and naturally occur-
ring and synthetic lubricants, is well known to the art.
See, for example, the discussions in “Lubricant Addi-
tives” by C. V. Smalheer and R. Kennedy Smith pub-
lished by the Lezius-Hiles Co., Cleveland, Ohio, partic-
ularly pages 2-5, and “Lubricant Additives” by M. W.
Ranney, published by the Noyes Data Corporation,
Park Ridge, N.J. (1973), particularly pages 3-92.

Among the additives that have been used in fuels and

lubricants are those described in U.S. Pat. Nos.

3,701,640; 3,558,743; and 3,493,520.

The materials described in the U.S. Pat. Nos.
3,558,743 and 3,493,520 are made by reacting a carbox-
ylic acid- or anhydride-containing addition copolymer,
an amine, an alkylated phenol and an aldehyde, while
those described in U.S. Pat. No. 3,701,640 are made by
reacting a carboxylic acid with a polyamine having at
least three nitrogen atoms, at least two of which are
primary and at least one which is secondary, an alkyl-
substituted phenol and formaldehyde.

U.S. Pat. Nos. 3,787,458 and 3,793,202 disclose prod-
ucts made by condensing a phenol with formaldehyde
and an amine and then subsequently treating the prod-
uct with acid or additional aldehyde.

Despite the knowledge evidenced by the above-
noted prior art, the search for new additives for fuels
and lubricants continues. This continuing search has
been prompted in part by the increasingly severe de-
mands for reductions in pollution caused by operation
of engines as well as economic considerations and mate-
rial shortages. It is an object of the present invention to
provide additives, processes, concentrates and composi-
tions which will aid in meeting these increased de-
mands.
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SUMMARY OF THE INVENTION

The condensation products of the present invention
are made by reacting (A) at least one alpha-hydroxyal-
kyl hydroxy-aromatic compound of the general for-
mula;

Rm, FORMULA I

(Ary—COH),

R"2C
OH

wherein Ar is an aromatic nucleus of 6 to about 30
carbon atoms, or an analog of such an aromatic nucleus
substituted with 1 to 3 lower alkoxy, lower alkylthio,
chloro, or nitro substituents, each R is a nonfused hy-
drocarbyl group of about 25 to about 700 carbon atoms,
each R’ is independently a hydrogen atom, an alkyl -
group of 1 to 36 carbon atoms, or a halogen-substituted
alkyl group of 1 to about 36 carbon atoms, nis 1 to 3 and
m is 1 to S with the provisos that (i) the total number of
carbon atoms in the R’ groups does not exceed 36 and
(ii) where m exceeds 1, one of the R groups can also be
a

Rz’Cll— group,
" OH

with (B) at least one hydrocarbyl, alpha-beta olefini-
cally unsaturated compound selected from the group
consisting of C2—a4o carboxylic acids and anhydrides,
esters, amides and ammonium and metal salts of said
C3—40 carboxylic acids, the reaction of (A) with (B)
resulting in the formation of carbon-to-carbon bond,
said bond including the carbon of at least one

R2'C— group.
OH

At least one hydroxy group of the hydroxy-aromatic
compounds of FORMULA 1 is directly bonded to an
aromatic carbon of Ar.

In a preferred embodiment both R’ groups are hydro-
gen atoms and the hydroxyalkyl hydroxy-aromatic
compound is of the general formula where R, Ar, m and
n are as discussed herein.

Rpm FORMULA II
- (Ary—COH),

(H0)
OH

In another preferred embodiment m is greater than
two and one of the R groups is also a hydroxyalkyl
group. Such embodiments can be represented by the
general formula where R, R’, and Ar are discussed
herein. )
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Rm FORMULA III
(Ar—OH
(R'2Ch
i

The aromatic compounds of the present invention
have at least one non-fused hydrocarbyl substituent (R
in FORMULAE I, II or III) which can be saturated or
ethylenically unsaturated, aliphatic, alicyclic or aro-
matic in nature. The term “non-fused” in this applica-
tion and the appended claims is used to indicate that the
substituent is attached at only one carbon to an aromatic
ring of Ar. These R substituents are substantially satu-
rated (i.e., they contain no more than one unsaturated
carbon-to-carbon bond per every 10 carbon-to-carbon
single bonds) substituents of about 25 and about 700
carbon atoms. Preferably they are saturated alkyl
groups. While it is possible that each free carbon of the
aromatic nucleus Ar of FORMULA 1 can bear an R
substituent, it is preferable that no more than three do
(i.e., m is 3). More typically, m is 1 or 2.

It is to be noted that when the term “hydrocarbyl” is
used in describing a group or substituent in this specifi-
cation and the appended claims, it is also intended to
embrace substantially hydrocarbyl substituents unless
expressly stated otherwise. Such substantially hydro-
carbyl substituents are those which are substituted with
nonhydrocarbyl groups which do not substantially af-
fect the hydrocarbyl character or nature of the substitu-
ent in the context of the invention and which would,
therefore, be considered to be within the scope of the
term “hydrocarbyl” by the skilled worker in the art.
For example, it is obvious that, in the context of this
invention, a C3p hydrocarbyl substituent and a Cs3o hy-
drocarbyl substituent substituted with a methyl mer-
capto or methoxy group would be substantially similar
in their properties with regard to their use in this inven-
tion, and would, in fact, be recognized as equivalents in
the context of this invention by one of ordinary skill in
the art.

Non-limiting examples of groups that do not signifi-
cantly alter the hydrocarbyl nature of the hydrocarbyl
substituents of this invention include the following:

Ether (especially hydrocarbyloxy and particularly

alkoxy groups of up to 10 carbon atoms);

Oxa (e.g., —O— linkages in the main hydrocarbyl

chain);

Hydroxy (i.e., not alpha-hydroxy)

Nitro

Cyano

Halo, particularly fluoro-, chloro- and bromo-;

Thioether (especially Ci1-Cio alkyl thioethers);

Thia, e.g., —S— linkages in the main hydrocarbyl

chain;

(o]
]
Sulfonyl (~— ISI—); and

Sulfinyl (—ISI—).

In general, when such non-hydrocarbyl groups are
present in the R substituents of FORMULA 1, there
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will be no more than 2 such groups for each 10 carbon
atoms in the hydrocarbyl substituents; preferably not
more than 1 for each 10 carbon atoms. Generally, how-
ever, it is preferred that no such substituents be present
and that the R substituents be solely hydrocarbyl.

The non-fused hydrocarbyl substituents, R, of this
invention are typically long-chain, relatively high mo-
lecular weight hydrocarbyl substituents having at least
25 carbon atoms, such as those typified by the alkyl
groups derived from petroleum wax, which is a pre-
dominantly straight-chain aliphatic hydrocarbon of at
least 25 carbon atoms. Relatively high molecular
weight R groups derived from polymerization of lower
olefins, particularly 1-monoolefins, can also be used as
the source of the hydrocarbyl substituent.

Generally, the sources of the hydrocarbon R groups
include principally the high molecular weight substan-
tially saturated petroleum fractions and substantially
saturated olefin polymers, particularly polymers of
monoolefins having from 2 to about 30 carbon atoms.
The especially useful polymers are the polymers of
1-monoolefins such as ethylene, propene, 1-butene, iso-
butene, 1-hexene, l-octene, 2-methyl-1-heptene, 3-
cyclohexyl-1-butene, and 2-methyl-5-propyl-1-hexene.
Polymers of medial olefins, i.e., olefins in which the
olefinic linkage is not at the terminal position, likewise
are useful. They are exemplified by 2-butene, 3-hexene,
and 4-octene. ]

Also useful are the interpolymers of the olefins such
as those mentioned above with other interpolymeriza-
ble olefinic substances such as aromatic olefins, cyclic
olefins, and polyolefins. Such interpolymers include, for
example, those prepared by polymerizing isobutene
with styrene; isobutene with butadiene; propene with
isoprene; ethylene with piperylene; isobutene with chlo-
roprene; isobutene with p-methyl styrene; 1-hexene
with 1,3-hexadiene; 1-octene with 1-hexene; 1-heptene
with 1-pentene; 3-methyl-1-butene with l-octene; 3-3-
dimethyl-1-pentene with 1-hexene; isobutene with sty-
rene and piperylene; etc.

The relative proportions of the monoolefins to the
other monomers in the interpolymers influence the sta-
bility and oil-solubility of the final substituted hydroxy
aromatic condensation products containing groups de-
rived from such interpolymers. Thus, for reasons of
oil-solubility and stability the interpolymers contem-
plated for use in this invention should be substantially
aliphatic and substantially saturated, i.e., they should
contain at least about 80%, preferably at least about
95%, on a weight basis of units derived from the ali-
phatic monoolefins and no more than about 5% of ole-
finic linkages based on the total number of carbon-to-
carbon covalent linkages. In most instances, the per-
centage of olefinic linkages should be less than about
2% of the total number of carbon-to-carbon covalent
linkages.

Specific examples of such interpolymers include co-
polymer of 95% (by weight) of isobutene with 5% of
styrene; terpolymer of 98% of isobutene with 1% of
piperylene and 1% of chloroprene; terpolymer of 95%
of isobutene with 2% of 1-butene and 3% of 1-hexene;
terpolymer of 60% of isobutene with 20% of 1-pentene
and 20% of l-octene; copolymer of 80% of 1-hexene
and 20% of 1-heptene; terpolymer of 90% of isobutene
with 2% of cyclohexene and 8% of propene; and co-
polymer of 80% of ethylene and 20% of propene.
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Another source of the substantially hydrocarbon R
groups comprises saturated aliphatic hydrocarbons
such as highly refined high molecular weight white oils
or synthetic alkanes such as are obtained by hydrogena-
tion of high molecular weight olefin polymers illus-
trated above or high molecular weight olefinic sub-
stances.

The use of olefin polymers, having number average
molecular weights (Mn) of about 750-5000 is preferred.
Such Mn are usually determined by vapor pressure
osometry (VPO) although other methods known to
those of skill in the art can be used, such as gel perme-
ation chromatography (GPC). Higher molecular
weight olefin polymers having Mn’s from about 10,000
to about 100,000 or higher have been found to be useful
in specific instances.

Examples of particularly preferred R groups are
those derived from polyisobutenes of Mn’s (VPO) rang-
ing from about 300 to about 10,000. Preferably, these
isobutenes have minimum Mn’s of about 700 or about
1000 and maximum Mn’s of about 3000 or about 5000
(all by VPO).

Such hydrocarbyl R groups can be bonded to the
aromatic rings of the Ar moiety of FORMULA I by
techniques well known to those of skill in the art, such
as alkylation reactions in the presence of Lewis acids
such as BF3, AICl3, SnCly, etc. Since such alkylation
techniques are well known, they need not be described
further at this point.

The alpha-hydroxyalkyl hydroxy-aromatic com-
pounds of this invention can often be conveniently de-
rived by methods discussed hereinafter from hydrocar-
byl-substituted hydroxy-aromatic precursors of the gen-
eral formula;

Ra+AR +OH, FORMULA

v
wherein m’ is 1 or 2. Typical of such precursors are the
following:

2,4-dipolybutyl phenol wherein each polybutyl group
has an average of 30 to 50 carbon atoms

2,4-powlilpropyl phenol, the polypropy! group having -
an

n of about 450

4-polyisobutyl phenol, the polyisobutyl group having

an Mn of about 2200, etc.

Many other suitable precursors within the above-dis-
cussed limitations will readily come to the mind of the
skilled artisan. Mixtures of two or more of such precur-
sors can also be used and in many instances may be
commercially preferred because they do not involve
costly separation processes in their production.

Further examples of hydroxy-aromatic precursors
from which the alpha-hydroxyalky! compounds of this
invention can be derived include substituted phenols,
resorcinols, hydroquinones, catechols, anisoles, xylen-
ols, hydroxy-diphenyl compounds (i.e., phenyl phe-
nols), benzyl phenol, phenylethyl phenol, bisphenol-A,
alpha and beta naphthol, alpha and beta methyl naph-
thol, tolyl naphthol, benzyl naphthol, anthracenol, phe-
nylmethyl naphthyl, phenanthrol, the monomethyl
ether of catechol, phenoxy phenol, chlorophenol, and
the like. Thus the Ar moiety of FORMULA I can be a
phenyl, methylphenyl, diphenyl, naphthyl, anthryl,
phenanthryl, chloropheny! or phenoxyphenyl moiety.

The Ar moiety can also be a bridged moiety wherein
two or more aromatic rings are connected through a
bridging unit such as a covalent carbon-to-carbon bond
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(i.e., directly linking the two aromatic rings); an oxy-
gen, sulfur, polysulfide, -

i ]
sulfinyl (=S==), sulfonyl (—IS‘—), amino (—N=)
R"

(R” being H or a C; to Cap hydrocarbyl group), oxy-
methylene (e.g.,, —CH20CH>—) or substituted methy-
lene groups (wherein the substituents are Ci—7 hydro-
carbyl groups), can also serve as bridging units.

Particularly preferred hydroxy-aromatic precursors
used as sources of the hydroxyalkyl hydroxy-aromatic
compounds of the present invention are mono-sub-
stituted phenols and naphthols, particularly the mono-
substituted phenols (i.e., where Ar is phenyl and n is one
in FORMULA I and II). In such mono-substituted
phenols, R can be a relatively high molecular weight
long-chain group, usually containing about 25 to 250
carbon atoms. Typically such groups are alkyl and alke-
nyl groups made from homo- and interpolymers of -
ethylene, propylene, butylene, or isobutylene.

In view of the above limitations it is clear that the
alpha-hydroxyalkyl hydroxy-aromatic compounds of-
this invention will have a minimum of about fourteen
carbon atoms. The maximum number of carbon atoms is
limited only by the size of the non-fused R substituent,
e.g., 700 carbons. Preferably, the alpha-hydroxyalkyl
hydroxy-aromatic compounds will have a minimum of
about thirty and a maximum of about 400 carbon atoms
in their molecules.

The alpha-hydroxyalkyl hydroxy-aromatic com-
pounds used in this invention can be made by a number
of processes also well known to those of the art. A
particularly useful method is by reaction of a hydroxy-
aromatic precursor such as those described above in
FORMULA 1V, with a carbonyl reagent such as an
aldehyde or ketone in the presence of basic material
such as a metal oxide, hydroxide, alkoxide, carbonate,
sulfide, mercaptide. In general, useful aldehydes or
ketones contain between one and about 36 carbon
atoms. Carbonyl reagents containing one to ten carbon
atoms and no carbon-to-carbon bond unsaturation are
particularly preferred. To produce the desired alpha-
hydroxyalkyl

Ry'C— groups
OH

these aldehydes and ketones must be aliphatic or alicyc-
lic alkyl in nature; preferably, they are aliphatic alde-
hydes such as formaldehyde, (and its polymers such as
trioxane and paraformaldehyde as well as solutions such
as formalin), acetaldehyde, butanal, octanal, octadeca-
nal, etc.

Thus, among the preferred aldehydes for use in mak-
ing the alpha-hydroxyalkyl hydroxy-aromatic com-
pounds of the present invention are those of the general
formula R'CHO, wherein R’ is a hydrogen atom or an
alkyl group of up to about 36 carbon atoms; normally
wherein R is a hydrogen atom or alkyl group of up to
six carbon atoms. Formaldehyde, including its polymers
and solutions as described above is the preferred alde-
hyde.

In certain embodiments of this invention R’ can be a
halogen-substituted alkyl group of 1 to about 8 carbon
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atoms. Such groups are easily derived from halo-carbo-
nyl reagents such as chloral, fluoro-acetone and hexa-
chloroacetone.
Preferred ketones which can be used to produce the
desired alpha-hydroxyalkyl

Rz'(li— group
OH

are those of the general formula

o]
I
R'CR’,

wherein each R’ group is an alkyl group of up to about
34 carbon atoms with the proviso that the total number
of carbons in both R"s is not more than about 36. Nor-
mally, the total of carbons is not more than about 6.
Typical useful ketones include acetone, methyl-ethyl
ketone, methylbutyl ketone, cyclohexanone, acetyl cy-
clopentane, methyl octadecyl ketone, etc. Acetone is
the preferred ketone.

Methods for reacting the above-described carbonyl
reagents with hydroxy-aromatic precursors are well
known to those of skill in the art and need not be dis-
cussed in detail here. Generally about 0.5 to about 5.0
moles, preferably about 1 to 2 moles, of carbonyl rea-
gent per mole of hydroxy-aromatic precursor is reacted
at a temperature of about 30° C. to about 300° C., prefer-
ably about 50°-125° C., in the presence of a catalytic
amount of at least one basic material such as those de-
scribed above, preferably in the presence of about 0.1
equivalent. Preferred basic materials are Group Iag, 15,
1la or IIb metal oxides, hydroxides, carbonates, Ci-g
alkoxides (including phenolates), sulfides and Ci—g mer-
captides. The reaction is often carried out in the pres-
ence of a non-volatile or volatile substantially inert
normally liquid solvent or diluent (e.g., water, lower
alkanol, petroleum naphtha or diluent mineral oil) for
about 0.1 to about 48 hours. Preferred minimum reac-
tion times are about one to about two hours while pre-
ferred maximums are about ten to about 18 hours. After
completion of the reaction it is often desirable to neu-
tralize the catalyst with an acid such as a Ci-g monocar-
boxylic acid or an inorganic acid such as HCl, H2SO4,
H3PO4and the like. Inorganic acidic gases such as CO2,
S0, etc., can also be used.

When the reaction of the carbonyl reagent and the
hydroxy-aromatic precursor is carried out at tempera-
tures about 125° C. and higher, the product is often an
oxymethylene or oxyalkyl-substituted methylene prod-
uct formed by linkage of the original Ar groups through
oxymethylene groups formed from the carbonyl rea-
gent. Such oxymethylene-linked reaction products are
believed to contain, for the most part, molecuies repre-
sented by the general formula;

FORMULA V
(OH), (OH),
o [
:ﬁAr CO—C—-EAr(
R’2C 111'2 I|{'2 (I:R'z
OH OH
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wherein x is 1 to about 4 and R, R’, Ar, m and n are as
described above.

While the just-described reaction of carbonyl rea-
gent/hydroxy-aromatic precursor is among the pre-
ferred methods for producing the alpha-hydroxyalkyl
compounds of the present invention, it is by no means
the only such method. Other methods such as free radi-
cal or ionic oxidation of an appropriately substituted
hydroxy-aromatic precursor (e.g., one having a methyl
substituent) will readily occur to those of ordinary skill
in the art. Therefore, in its broadest aspects, this inven-
tion is not limited by the process used to produce the
alpha-hydroxy-alkyl alkylated hydroxy-aromatic com-
pounds used as (A).

The condensation products of this invention are made
by reacting the afore-described alpha-hydroxyalkyl
alkylated hydroxy-aromatic compounds with at least
one hydrocarbyl alpha, beta olefinically unsaturated
compound selected from the group consisting of C—49
nitriles, Cy—49 carboxylic acids or derivatives thereof, or
olefinic nitrile. The acid derivatives contemplated in-
clude anhydrides, esters, amides, ammonium salts, metal
salts, etc., made by reacting the afore-said acids with
various types of mono- and polyamines, mono- or poly-
hydric alcohols, epoxides, ammonia, metal salts, etc.

The olefinic carboxylic acids used in preparing the
compositions of the present invention may be either
monobasic or polybasic in nature. When they are poly-
basic they are often dicarboxylic acids although tri- and
tetra-carboxylic acids can also be used. Generally, use-
ful mono-basic acids have three to about forty carbon
atoms; useful polybasic acids have four to forty carbon
atoms. Preferably the maximum number of carbons for
either type of acid is about twenty.

Exemplary monobasic olefinic carboxylic acids used
in preparing the products of this invention are those of
the formula: R°COOH wherein R° has between two
and up to about thirty-nine, usually up to about twenty
carbon atoms and is further characterized by the pres-
ence of at least one olefinically unsaturated carbon-to-
carbon bond within its structure. R® can be aliphatic or
alicyclic in nature and can contain other hydrocarboxyl
substituents such as aryl groups, alkylaryl, heterocyclic,
etc. Preferred acids correspond to the formula
R*CH=CHCOOH or

R*C=CHCOOH,
R

wherein R* is hydrogen or a saturated or ethylenically
unsaturated aliphatic substituent of up to about 37 car-
bon atoms and is usually hydrogen or a Ci-7alkyl group
and R™ is hydrogen or a Cj to C7 alkyl group. R°® can
contain one or more olefinic linkages and these can be
conjugated or nonconjugated. R°® containing only one
olefinic linkage is preferred.

Specific examples of useful alpha, beta-olefinic mono-
basic carboxylic acids are acrylic acid, methacrylic
acid, cinnamic acid, crotonic acid, 3-phenyl propenoic
acid, alpha, beta-decenoic acid, etc.

As stated above, the olefinic carboxylic acid reactant
used to prepare the products of this invention can be
polybasic, often dibasic, containing up to forty carbon
atoms. Exemplary polybasic acids include maleic acid,
fumaric acid, mesaconic acid, itaconic acid, citraconic
acid.
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.The olefinic nitriles used to prepare the products of
the present invention are generally analogous to the
afore-described acids in that they have corresponding
structures in which at least one of the carboxylic acid
group has been replaced by a nitrile group: They also
contain about two to about forty carbon atoms exclu-
sive of the nitrile carbons. Thus, such compounds as
acrylonitrile, methacrylonitrile, cinnamic nitrile, maleic
and fumaric dinitrile, oleyl nitrile, 2-methylene
glutaronitrile, etc., can be used to make the products of
the present invention. Further examples include 1-
butylviny! nitrile, 1-hexylviny! nitrile, 1-cyclohexenyl
nitrile, 1-t-butylvinyl nitrile, 2-methylvinyl nitrile (i.e.,
crotonic nitrile), 2-dodecylvinyl nitrile, 2,2'-didodecyl-
vinyl nitrile, 2-cyclopentylvinyl nitrilé, 2-octyl-2-
methylvinyl nitrile, etc. Other useful nitriles include
such compounds as 1-phenylvinyl nitrile, 2-phenylvinyl
nitrile, 1-tolylvinyl nitrile and 2-phenylethylvinyl ni-
trile.

As noted before, the acid derivatives useful in prepar-
ing the products of the present invention are generally
anhydrides, esters, amides, amines, ammonium and
metal salts of the afore-described acids. Methods of
preparing such derivatives are well known to those of
skill in the art and they can be satisfactorily described
by noting the reactants used to produce them. Thus, for
example, derivative esters for use in the present inven-
tion can be made by esterifying monohydric or poly-
hydric alcohols or epoxides with any of the afore-
described acids. In general these mono- and polyhydric
alcohols contain from one to about thirty carbon atoms,
preferably one to about twenty carbon atoms. Exem-
plary aliphatic and alicyclic monohydric alcohols in-
clude methanol, ethanol, isopropanol, n-butanol, ter-
tiary butanol, isooctanol, cyclopentanol, cyclohexanol,
behenyl alcohol, hexacosanol, neopentyl alcohol, isobu-
tyl alcohol, benzyl alcohol, beta-phenylethyl alcohol,
2-methylcyclohexanol,  beta-chloroethanol, mono-
methyl ether of ethylene glycol, monobutyl ether of
ethylene glycol, monopropyl ether of diethylene glycol,
monododecyl ether of triethylene glycol, monooleate of
ethylene glycol, monostearate of diethylene glycol,
secondary pentyl alcohol, tertiary butyl alcohol, 5-
bromo-dodec-5-enol, 3-nitro-octadecanol, the dioleate
of glycerol, etc.

Useful polyhydric alcohols generally contain from
two to ten hydroxy groups and two to about 25 carbons.
These inciude, for example, ethylene glycol, dipenty-
lene glycol, triethylene glycol, tetracthylene glycol,
dipropylene glycol, tripropylene glycol, dibutylene
glycol, tributylene glycol, neopentyl glycol and other
alkylene glycols in which the alkylene radical contains
from two to about eight carbon atoms. Other useful
polyhydric alcohols include glycerol, monooleate of
glycerol, monostearate of glycerol, monomethyl ether
of glycerol, pentaerythritol, di- and tri-pentaerythritol,
lower alkyl esters of 9,10-dihydroxy. stearic acid, 1,2-
butanediol, 2,3-hexanediol, trimethylolpropane, 2,4-
hexanediol, pinacol, erythritol, arabitol, sorbitol, manni-
tol, 1,2-cyclohexanediol, xylene glycol, etc.

The derivative esters can also be derived from unsat-

. urated alcohols such as allyl alcohol, cinnamyl alcohol,

propargyl alcohol, 1-cyclohexene-3-ol, oleyl alcohol,
etc. Still other classes of the alcohols capable of yielding
the esters of this invention comprise the ether-alcohols

-and amino-alcohols including, for example, the oxy-

alkylene-, oxy-arylene-, amino-alkylene-, and amino-
arylene-substituted alcohols having one or more oxy-
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alkylene, amino-alkylene or amino-arylene oxy-arylene
radicals. They are exemplified by Cellosolve, Carbitol,
phenoxyethanol, heptylphenyl-(oxy-propylene)¢-H,
octyl-(oxyethylene)so-H, phenyl-(oxyoctylene);-H,
mono(heptylphenyl-oxypropylene)-substituted  glyc-
erol, poly-(styrene oxide), amino-ethanol, 3-amino eth-
yl-pentanol, di(hydroxyethyl)amine, p-aminophenol,
trithydroxypropyl)amine, N-hydroxyethyl ethylene
diamine, N,N,N’,N'-tetrahydroxytrimethylene diamine,
and the like. For the most part the ether-alcohols hav-
ing up to about 15 oxy-alkylene radicals in which the
alkylene radical contains from one to about eight car-
bon atoms are preferred. Generally the mono- and poly-
hydric alkanols of up to about 16 carbon atoms and one
to six hydroxyl groups are preferred.

Suitable epoxides include ethylene, propylene, 1- and
2-butylene epoxides and higher homologs thereof hav-
ing up to 20 carbon atoms. Cyclic epoxides such as
1,2-cyclohexenyl epoxide, styrene epoxide and 4-terti-
ary butyl epoxide can also be used, as can substituted
epoxides such as 3-chloropropylene epoxide and 4-
fluoro-1-butylene epoxide. Thio analogs (i.c., episul-
fides) of the above can also be used.

Similarly, amide and ammonium derivatives of the
afore-described acids can also be used to make the prod--
ucts of this invention. Such derivatives are prepared
from monoamino compounds, hydroxyamino com-
pounds, polyamino compounds, and hydroxy poly-
amine compounds. For the purposes of this invention,
hydrazines and organically substituted hydrazines are
included within the various classes of amino com-
pounds. Mixtures- of these various amino compounds
containing two or more of the foregoing amines can
also be employed to make useful nitrogen derivatives.

Among the amines useful in preparing the nitrogen
derivatives for use in this invention are monoamines.
These monoamines can be tertiary, but more generally
they contain at least one H-N- linkage (in other words,
those containing only one hydrogen atom bonded di-
rectly to an amino nitrogen atom). Thus primary and
secondary amines are typical. These amines are gener-
ally substituted with Ci~30 hydrocarbyl groups. Usually
these hydrocarbyl substituents are aliphatic in nature
and contain between one and ten carbon atoms. Satu-
rated aliphatic hydrocarbyl substituents containing one
to ten carbon atoms are generally useful.

The hydrocarby! substituents of the above-described
monoamines can be aliphatic, cycloaliphatic, and aro-
matic substituents (including aliphatic- and cycloali-
phatic-substituted aromatic substituents and aromatic-
and aliphatic-substituted cycloaliphatic substituents).

Among the preferred monoamines useful in making
the derivatives used in making the products of the pres-
ent invention are amines of the general formula
HNR"R3 wherein R” is an alkyl group of up to ten
carbon atoms and R3 is a hydrogen atom or an alkyl
group of up to ten carbon atoms. Another preferred
class of monoamines are aromatic monoamines of the
general formula HNR#RS5 wherein R*is a phenyl, alkyl-
ated phenyl, naphthy! or alkylated naphthyl group of up
to ten carbon atoms and R5is a hydrogen atom, an alkyl
group of up to 10 carbon atoms or R%. Representative
examples of these monoamines are ethyl amine, diethyl
amine, n-butyl amine, di-n-butyl amine, allyl amine,
isobutyl amine, coco amine, stearyl amine, lauryl amine,
methyl lauryl amine, oleyl amine, aniline, paramethyl
aniline, N-monomethyl aniline, diphenyl amine, benzyl
amine, tolyl amine, methyl-2-cyclohexyl amine, etc.
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Hydroxy amines are also included in the class of
useful monamines. Such compounds are the hydroxy-
hydrocarbyl-substituted analogs of the afore-described
monoamines. Preferred hydroxy monoamines have the
following general formulae: HNR7R¢ and HNRRS,
wherein R7is an alkyl or hydroxy-substituted group of
up to 10 carbon atoms, R8is a hydrogen atom or R7, R?
is a hydroxy-substituted phenyl, alkylated phenyl, naph-
thyl or alkylated naphthyl of up to 10 carbon atoms and

. R%is a hydrogen atom or R? with the provisos that at

least one of R7 and R6 and at least one of R% and R¥is
hydroxy-substituted.

Suitable hydroxy-substituted monoamines include
ethanol amine, di-3-propanol amine, 4-hydroxybutyl
amine, diethanol amine, n-methyl-2-propyl amine, 3-
hydroxy aniline, N-hydroxyethyl-ethylene diamine,
N,N-di(hydroxypropyl)propylene diamine, and tris(hy-
droxymethyl)methyl amine, etc. While, in general,
those hydroxy amines containing only one hydroxy
group will be employed as reactants, those containing
more can also be used. Mixtures of two or more such
hydroxy amines can also be used.

Heterocyclic amines are also useful in making amide
derivatives, providing they contain a primary or sec-
ondary amino group. The cycle can also incorporate
unsaturation and can be substituted with hydrocarbyl
substituents such as alkyl, alkenyl, aryl, alkaryl or aral-
kyl substituents. In addition, the cycle can also contain
other heteroatoms such as oxygen and sulfur or other
nitrogen atoms including those not having hydrogen
atoms bonded to them. Generally, these cycles have 3
to 10, preferably 5 to 6 ring members. Among such
heterocycles are aziridines, azetidines, azolidines, tetra-
and dihydropyridines, pyrroles, piperidines, imidazoles,
indoles, di- and tetra-hydroimidazoles, piperazines,
isoindoles, purines, morpholines, thiamorpholines, N-
aminoalkyl morpholines, N-aminoalkyl thiomorpho-
lines, azepines, azocines, azonines, azecines and tetra-,
di- and perhydro-derivatives of each of the above, and
mixtures of two or more of these heterocycles. Pre-
ferred heterocyclic amines are the saturated 5- and 6-
membered heterocycle amines containing only nitro-
gen, oxygen, or sulfur in the cycle, especially piperi-
dines, piperazines, thiamorpholines, morpholines and
pyrrolidines, as discussed above. Piperidine, piperazine,
morpholine, and pyrrolidine are particularly preferred.

Alkylene polyamines are also useful as amines for
preparing amide derivatives. These polyamines include
hydroxy polyamines, and conform in the most part to
the formula

A—Iil—(-Alkylene-l'l‘I-)z—A
A

wherein a is an average of integers between about 1 and
about 10, preferably between 2 and 8; each A is indepen-
dently a hydrogen atom, a hydrocarbyl group or a hy-
droxy-substituted hydrocarbyl group having up to
about 10 atoms, and “Alkylene” is a divalent hydro-
carbyl radical of one to eighteen carbons, and analogous
polyamines wherein one or more

“Alkylenc-ll‘l"
A

moiety is replaced by a cyclic moiety such as a “(al-
kylene):N” moiety (e.g., piperazine). Usually A is an
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aliphatic group of up to about 10 carbon atoms or an
aliphatic group of up to about 10 carbon atoms substi-
tuted with one or two hydroxy groups, and “Alkylene”
is a lower alkylene group having between 1 and 10,
preferably 2 to 6 carbon atoms with the proviso that at
least one A is hydrogen. Alkylene polyamines where
each A is hydrogen are useful. Such alkylene poly-
amines include ethylene polyamines, butylene poly-
amines, propylene polyamines, pentylene polyamines,
hexylene polyamines, heptylene polyamines, etc. The
higher homologs of such amines and related aminoal-
kyl-substituted piperazines are also included.

Polyamines useful in preparing the amide derivatives
include ethylene diamine, triethylene tetramine, tris(2-
aminoethyl)amine, propylene diamine, trimethylene
diamine, hexamethylene diamine, decamethylene di-
amine, octamethylene diamine, di(heptamethylene)tria-
mine, triapropylene te